Analysis of the product centre-of-mass angular distributions indicate that a slightly non-linear approach is most effective in bringing about reaction to form the stable triatomic radical. These studies reveal a potentially important mechanism for the F 2 + I 2 ~2IF bulk gas phase reaction. . . C 2 H 2 Cl 2 F . The dynamics of product formation will be dominated by statistical features of the decomposition of the collision complex.
. . There are many simple reactions involving heavy atoms, such as F + I 2 +IF+ I, for which reliable potential energy surface calculation is quite difficult, and for which there is no reason to believe the statistical theory will be applicable. Important features of the potential energy surface for these cases are often inferred at present from experimental observation rather than the other way around. Actually, all three systems mentioned above have similar exoergicities, -30 kcal, and the differences in the potential energy surface along the reaction coordinate which are responsible for such drastic differences in reaction dynamics are shown schematically in Figure 1 . The surface for F + I 2 -+ IF+ I drawn here is derived from qualitiative observation There have been several discussions on the stability of these trihalogen systems in the past, based on molecular orbital theory, 7 the.dynamics of atom-molecule exchange reactions, 8 and termolecular recombination studies. 9 The observation of trihalogen radical molecules in matrix isolation experiments has been reported in the past, 10 but the direct gas phase, mass spectrometric identification has only very recently been made in our laboratory. 11
There are two different approaches one can take using the crossed molecular beam method for deriving information about the stability of collision complexes. One approach attempts to infer information about complex stability by investigating the lifetime of the complex. In a crossed molecular beam experiment the rotational period of the complex can be conveniently used as a clock, since the product angula~ distri- However, the applicability of this method depends on the successful matching of the rotational period and the lifetime of the complex, and the validity of statistical theory in describing the decomposition of the collision complex. The former is not easily accomplished experimentally for most of the systems, and the latter may not obtain, especially at high collision energies.
The second method, which we used in this work, involves the direct synthesis of the radical molecules in question through endoerqic
14 h F I I F F mo ecu e-mo ecu e reac 1ons, sue as 2 + 2 ~ 2 + · By adjusting collision energies, the threshold energy of formation of the radical molecules can be obtained, and this in turn provides a lower bound on the binding energy of the radical molecules. In this paper, we will discuss the energetics of a series of radical molecules, I 2 F, CliF and HIF, obtained by the molecular beam synthetic method; the dynamics of the molecule-molecule reactions of F 2 with I 2 , ICl and HI; and the important role I 2 F might play in the mechanism and energy path~1ays in macroscopic reactions involving F 2 and I 2 .
-4-
Experimental
The crossed molecular beam apparatus employed in these experiments has been described in detail elsewhere. 15 Both reactant beams were generated by supersonic expansion using differentially pumped beam sources. Mixtures of molecular fluorine (1-2%) in He or He/Ne carrier gases were used to vary the collision energy. Additional control of the fluorine beam energy was provided by a resistance heated nickel oven operated between 300 and 900 K, without appreciable F atom production. The r 2 and ICl beams were produced using 10-15% mixtures of the halogens in Ar, while the HI beam was generated without use of a carrier gas. A glass nozzle maintained at a constant temperature (300-400 K) was used to fix the energy of these beams. This arrangement resulted in a range of collision energies from 3 to 20 kcal/mole, with a spread in energy of ±25%. Product molecules were detected in the plane of the reactant beams using a rotatable quadrupole mass spectrometer equipped with an electron bombardment ionizer utilizing ion counting techniques. In addition to the measurement of the angular distribution of the products, the product velocity distributions were also determined by means of cross correlation time-of-flight 16 using on-line computer control and data reduction. This technique provided a velocity resolution of better than 10%.
Angular distribution data were obtained using counting times between 40 and 100 seconds for each point, and periodically returning to a reference angle to provide long-term normalization. Plotted angular distributions represent the average of several separate scans.
• -5-Time-of-flight data were recorded for 15 to 45 minutes depending on the signal level. All velocity distributions were converted from the measured number density to laboratory flux with corrections for the shutter function and finite ionizer length. Product angular and velocity distributions were measured in this way for several collision energies.
In addition, separate experiments were carried out to accurately determine the energy threshold for product formation.
-6-.
Results and Analysis
Any attempt to observe the trihalogen species XIF as a product of the endoergic reaction of F 2 and XI,
will only be successful if reaction (1) is less endoergic than the reaction F 2 + XI ~ X+ IF+ F, (2) that is, if XIF decomposition into IF and X is-endoergic; and prov1ded
that the four-centre exchange mechanism does not dominate. The present investigation shows that above threshold energies of 4, 6, and 11 kcal/ mole respectively collisions between F 2 and XI(X = I, Cl, H) do produce principally XIF and F as in (1) . As the collision energy is increased reaction (2) becomes important, first for F 2 + 1 2 , and later for F 2 + ICl also, but not for F 2 +HI at the collision energies used here. with more than twelve valence electrons this general conclusion follows from the fact that the charge distribution of then orbitals is generally more concentrated at the terminal atoms than at the center of the molecule. c.m. u (4) equation ( 3) becomes:
The initial guess for ILAB is just the experimental distribution, I
EXPT LAB Corrections to ILAB are then generated by a ratio method,
i . e. :
.
d . 1 -EXPT -( n)
The iteration 1s repeate unt1 ILAB /ILAB ~ l. This technique allows the "ideal" monochromatic centre-of-mass distribution to be obtained without any assumption about the functional form of the distribution.
For substantially endoergic reactions at collision energies not far in excess of the threshold, the reactive cross section is expected to be quite strongly dependent on the collision energy. This is certainly the case for the reactions studied here. In the case of Hence, equation (5) becomes:
{8)
The cross section energy dependence used in fitting all three systems was similar. namely a very rapid rise from threshold with increasing collision energy, gradually tapering off to a near plateau.
The energy dependence was partly determined from experimental relative cross section measurements. However, in energy regions for which the experimental measurement was not made or was insufficiently detailed, adjustments or extrapolations of the experimental energy dependence data were made. The adjustments and extrapolations were chosen so as to give an accurate fit to the experimental angular and velocity data, i.e. 1LAB{0, v), and so as to be physically consistent, that is to give a smoothly varying cross section energy dependence in good agreement with the experimental relative cross section data.
This energy weighting makes the most probable Newton diagram somewhat larger (-5%) than that which maximizes the quantity: i.e.~ I (e, ET 1 ) where I (e, ET') e c.m.
c.m. , ~ I (e, u)/u, for the systems studied. The I 2 F/F distribution is much c.m. more sharply peaked than that for CliF/F or HIF/F and peaks at an energy which represents a much larger fraction of the available energy than the . --CliF/F distribution. The average product translational energy,
E '
T is -30% of the total available energy for CliF production, while for the The potentially important role played by stable radicals in promoting bimolecular chemical reactions such as F 2 + XI had not been suspected previously. The fact that a fluorine atom, which can initiate a chain reaction in F 2 /XI mixtures, can be generated in a collision between F 2 and XI through reaction (1) at a relative kinetic energy as low as -16- 4 kcal/mole (for F 2 + I 2 ) is intriquing. This is especially so considering that 37 kcal/mole is necessary to dissociate F 2 and at least 37 kcal/mole to dissociate XI.
The threshold energy of reaction (2), which also produces an F atom, as well as an X atom, can be calculated from bond dissociation energies 18 and is 7 kcal/mole, 19 kcal/mole, and 41 kcal/mole for X= I, Cl, and H respectively. For the F 2 + I 2 and F 2 + ICl systems these energies are also -smaller than the F 2 o~ XI bond dissociation energies. Even if XIF production by reaction (1) is not important, reaction (2) could be a significiant source of F and X atoms in F 2 /XI mixtures.
The results presented here have an important bearing on the interpretation of the results of a recent study 6 of the gas phase kinetics of the F 2 ;I 2 system. If I 2 F were not stable, and consequently of no significance in the F 2 ;I 2 reaction mechanism, the only exoergic source of IF in_F 2 ;I 2 mixtures would be the F + 1 2 and I+ F 2 reactions, since IF 2 is not expected to be stable and was not observed in this work.
Each of these reactions is -30 kcal/mole exoergic, insufficiently exoergic to be responsible for the IF chemiluminescence observed 6 in II'.
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